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[FIG. 1A] [FIG. 1B] [FIG. 1C]
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[FIG. 5]
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[FIG. 7A] [FIG. 7B]

[FIG. 7C]
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[FIG. 7D]
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[FIG. 8]
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[FIG. 12]
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[FIG. 14]
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[FIG. 16B]
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[FIG. 17A) [FIG. 17B]
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[FIG. 19]
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[FIG. 20]
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[FIG. 22]
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[FIG. 24]
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MOTION INFORMATION PREDICTION
METHOD AND APPARATUS FOR
DISTORTION DUE TO PROJECTION
FORMATION CONVERSION

CROSS REFERENCE TO RELATED
APPLICATION

The present application is a Continuation Application of
U.S. patent application Ser. No. 16/736,197, filed on Jan. 7,
2020, which claims priority to Korean Patent Application
No. 10-2019-0001726 filed Jan. 7, 2019 and No. 10-2020-
0002240 filed Jan. 7, 2020, the entire contents of which are
incorporated herein for all purposes by this reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a video encoding/decod-
ing method, apparatus, and a recording medium storing a
bitstream. More particularly, the present invention relates to
a video encoding/decoding method and apparatus refining a
distortion generated by a projection format, and to a record-
ing medium storing a bitstream generated by the video
encoding/decoding or apparatus of the present invention.

Description of the Related Art

Recently, as broadcasting services with HD (High Defi-
nition, 1920x1080) or UHD (Ultra High Definition, 3840x
2160) resolution have been expanded not only in Korea but
also in the world, many users are accustomed to high
resolution and high quality images, and many organizations
are accelerating the development of next generation video
equipment.

Currently, MPEG (Moving Picture Experts Group) and
VCEG (Video Coding Experts Group) are jointly standard-
izing VVC (Versatile Video Coding), that is, the next gen-
eration video codec succeeding the existing video codec
HEVC (High Efficiency Video Coding). In VVC, beyond the
existing 2D images, realistic images like 360 degree images
through head-mounted displays are also actively being
researched.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a video
encoding/decoding method and apparatus with enhanced
compression efficiency.

Another object of the present invention is to provide a
video encoding/decoding method and apparatus that refine a
distortion generated by a projection format with enhanced
compression efficiency.

Another object of the present invention is to provide a
recording medium storing a bitstream generated by a video
encoding/decoding method or apparatus of the present
invention.

According to the present invention, there is provided a
method of decoding an image, the method comprising:
decoding information for motion information prediction of a
current block from a bitstream; predicting motion informa-
tion of the current block based on the information; refining
motion information of the current block by using the
decoded information and the predicted motion information
of the current block; and reconstructing the current block
based on the refined motion information of the current block.
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2

The decoded information may comprise information con-
cerning whether or not to perform a motion information
refinement of a current block.

The information concerning whether or not to perform a
motion information refinement of a current block may be
signaled from at least one of a sequence parameter set and
a picture parameter set.

The refining of motion information of a current block may
comprise refining the motion information of the current
block by using a pixel value in 1O reference picture and L1
reference picture for the current block.

The decoded information may comprise information con-
cerning whether or not the LO reference picture and the .1
reference picture are available.

The predicting of motion information of a current block
may comprise: predicting the motion information of the
current block by using motion information of a neighboring
block of the current block, and the neighboring block
comprises at least one among a block adjacent to the right of
the current block, a block adjacent to the left of the current
block and a col block.

The motion information of the neighboring block may be
at least one of motion information before motion informa-
tion refinement is performed and motion information after
motion information refinement is performed.

The refining of motion information of a current block may
comprise refining the motion information of the current
block based on at least one among a motion size of the
predicted current block, a face position of the current block
and a characteristic of block within the face.

The current block may be a block that is converted into a
predetermined projection format.

The projection format may be an HEC (Hybrid Equi-
Angular Cube Map) format.

Also, according to the present invention, there is provided
a method of encoding an image, the method comprising:
predicting motion information of a current block; determin-
ing whether or not to perform refinement for the predicted
motion information of the current block; and encoding
motion information of the current block based on the deter-
mination.

The encoded information may comprise information con-
cerning whether or not to perform a motion information
refinement of a current block.

The information concerning whether or not to perform
motion information refinement of a current block may be
signaled from at least one of a sequence parameter set and
a picture parameter set.

The encoding of motion information of a current block
may comprise encoding the motion information of the
current block by using a pixel value in LO reference picture
and L1 reference picture for the current block.

The encoded information may comprise information con-
cerning whether or not the LO reference picture and the .1
reference picture are available.

The predicting of motion information of a current block
may comprise predicting the motion information of the
current block by using motion information of a neighboring
block of the current block, and the neighboring block
comprises at least one among a block adjacent to the right of
the current block, a block adjacent to the left of the current
block and a col block.

The motion information of the neighboring block may be
at least one of motion information before motion informa-
tion refinement is performed and motion information after
motion information refinement is performed.
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The encoding of motion information of a current block
may comprise encoding the motion information of the
current block based on at least one among a motion size of
the predicted current block, a face position of the current
block and a characteristic of block within the face.

The current block may be a block that is converted into a
predetermined projection format.

Also, according to the present invention, there is provided
a non-transitory computer readable recording medium stor-
ing a bitstream that is received and decoded by an image
decoding apparatus and is used to reconstruct an image,
wherein the bitstream comprises information for motion
information prediction of a current block, the information
for the motion information prediction of the current block is
used to predict motion information of the current block, the
motion information of the current block is used to refine the
motion information of the current block together with the
decoded information, and the refined motion information of
the current block is used to reconstruct the current block.

According to the present invention, it is possible to
provide a video encoding/decoding method and apparatus
with enhanced compression efficiency.

According to the present invention, it is possible to
provide a video encoding/decoding method and apparatus
that refine a distortion generated by a projection format with
enhanced compression efficiency.

According to the present invention, it is possible to
provide a recording medium storing a bitstream generated
by a video encoding/decoding method or apparatus of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are views showing a 360 degree image
according to an embodiment of the present invention.

FIGS. 2A-2B are views showing image sample size
refinement according to an embodiment of the present
invention.

FIG. 3 is a view showing a conversion equation of EAC
format according to an embodiment of the present invention.

FIG. 4 is a view showing a difference between an EAC
image and an HEC image according to an embodiment of the
present invention.

FIG. 5 is a view showing a conversion equation of HEC
format according to an embodiment of the present invention.

FIGS. 6A-6D are views showing a change of motion
information due to distortion generated by a sample refine-
ment in an HEC image according to an embodiment of the
present invention.

FIGS. 7A-7F are views showing a distortion comparison
between a CMP image and an HEC image according to an
embodiment of the present invention.

FIG. 8 is a view showing a process where the accuracy of
a motion information prediction decreases due to a parallel
movement in an HEC image according to an embodiment of
the present invention.

FIG. 9 is a view showing a process of performing distor-
tion refinement when the motion information of a current
block is predicted, according to an embodiment of the
present invention.

FIG. 10 is a block diagram illustrating a configuration of
an encoder to which a motion information distortion refine-
ment is applied, according to an embodiment of the present
invention.
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FIG. 11 is a block diagram illustrating a configuration of
a decoder to which a motion information distortion refine-
ment is applied, according to an embodiment of the present
invention.

FIG. 12 is a flowchart illustrating an operating method of
an encoder/decoder performing a motion information dis-
tortion refinement in motion information prediction accord-
ing to an embodiment of the present invention.

FIGS. 13A-13B are block diagrams illustrating a configu-
ration of an encoder/decoder performing a motion informa-
tion distortion refinement in motion information prediction
according to an embodiment of the present invention.

FIG. 14 is a view showing a face division of a picture in
a 360 degree image format according to an embodiment of
the present invention.

FIG. 15 is a flowchart illustrating an operating method of
an encoder/decoder that selectively performs a motion infor-
mation distortion refinement according to an embodiment of
the present invention.

FIGS. 16 A-16B are block diagrams illustrating a configu-
ration of an encoder/decoder selectively performing a
motion information distortion refinement according to an
embodiment of the present invention.

FIGS. 17A-17B are views showing a temporal/spatial
candidate configuration of a current block according to an
embodiment of the present invention.

FIG. 18 is a view showing a reference position of a
candidate block and a configuration of an actual candidate
block at the reference position according to an embodiment
of the present invention.

FIG. 19 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement of an AMVP list according to an embodiment of
the present invention.

FIG. 20 is a block diagram illustrating a configuration of
an apparatus performing motion information distortion
refinement of an AMVP list according to an embodiment of
the present invention.

FIG. 21 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement for an AMVP candidate according to an embodi-
ment of the present invention.

FIG. 22 is a block diagram illustrating a configuration of
an apparatus performing motion information distortion
refinement for an AMVP candidate according to an embodi-
ment of the present invention.

FIG. 23 is a flowchart illustrating an operating method of
an apparatus using both a general AMVP candidate and an
AMVP candidate, for which motion information distortion
refinement is performed, as AMVP candidate, according to
an embodiment of the present invention.

FIG. 24 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement of a merge list according to an embodiment of the
present invention.

FIG. 25 is a block diagram illustrating a configuration of
an apparatus performing motion information distortion
refinement of a merge list according to an embodiment of the
present invention.

FIG. 26 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement for a merge candidate according to an embodi-
ment of the present invention.

FIG. 27 is a block diagram illustrating a configuration of
an apparatus performing motion information distortion
refinement for a merge candidate according to an embodi-
ment of the present invention.
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FIG. 28 is a flowchart illustrating an operating method of
an apparatus using both a general merge candidate and a
merge candidate, for which motion information distortion
refinement is performed, as merge candidate, according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

A variety of modifications may be made to the present
invention and there are various embodiments of the present
invention, examples of which will now be provided with
reference to drawings and described in detail. However, the
present invention is not limited thereto, although the exem-
plary embodiments can be construed as including all modi-
fications, equivalents, or substitutes in a technical concept
and a technical scope of the present invention. The similar
reference numerals refer to the same or similar functions in
various aspects. In the drawings, the shapes and dimensions
of elements may be exaggerated for clarity. In the following
detailed description of the present invention, references are
made to the accompanying drawings that show, by way of
illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to imple-
ment the present disclosure. It should be understood that
various embodiments of the present disclosure, although
different, are not necessarily mutually exclusive. For
example, specific features, structures, and characteristics
described herein, in connection with one embodiment, may
be implemented within other embodiments without depart-
ing from the spirit and scope of the present disclosure. In
addition, it should be understood that the location or
arrangement of individual elements within each disclosed
embodiment may be modified without departing from the
spirit and scope of the present disclosure. The following
detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present disclosure is defined only
by the appended claims, appropriately interpreted, along
with the full range of equivalents to what the claims claim.

Terms used in the specification, ‘first’, ‘second’, etc. can
be used to describe various components, but the components
are not to be construed as being limited to the terms. The
terms are only used to differentiate one component from
other components. For example, the ‘first” component may
be named the ‘second’ component without departing from
the scope of the present invention, and the ‘second’ com-
ponent may also be similarly named the ‘first’ component.
The term ‘and/or’ includes a combination of a plurality of
items or any one of a plurality of terms.

It will be understood that when an element is simply
referred to as being ‘connected to” or ‘coupled to’ another
element without being ‘directly connected to’ or ‘directly
coupled to’ another element in the present description, it
may be ‘directly connected to’ or ‘directly coupled to’
another element or be connected to or coupled to another
element, having the other element intervening therebetween.
In contrast, it should be understood that when an element is
referred to as being “directly coupled” or “directly con-
nected” to another element, there are no intervening ele-
ments present.

Furthermore, constitutional parts shown in the embodi-
ments of the present invention are independently shown so
as to represent characteristic functions different from each
other. Thus, it does not mean that each constitutional part is
constituted in a constitutional unit of separated hardware or
software. In other words, each constitutional part includes
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6

each of enumerated constitutional parts for convenience.
Thus, at least two constitutional parts of each constitutional
part may be combined to form one constitutional part or one
constitutional part may be divided into a plurality of con-
stitutional parts to perform each function. The embodiment
where each constitutional part is combined and the embodi-
ment where one constitutional part is divided are also
included in the scope of the present invention, if not depart-
ing from the essence of the present invention.

The terms used in the present specification are merely
used to describe particular embodiments, and are not
intended to limit the present invention. An expression used
in the singular encompasses the expression of the plural,
unless it has a clearly different meaning in the context. In the
present specification, it is to be understood that terms such
as “including”, “having”, etc. are intended to indicate the
existence of the features, numbers, steps, actions, elements,
parts, or combinations thereof disclosed in the specification,
and are not intended to preclude the possibility that one or
more other features, numbers, steps, actions, elements, parts,
or combinations thereof may exist or may be added. In other
words, when a specific element is referred to as being
“included”, elements other than the corresponding element
are not excluded, but additional elements may be included in
embodiments of the present invention or the scope of the
present invention.

In addition, some of constituents may not be indispens-
able constituents performing essential functions of the pres-
ent invention but be selective constituents improving only
performance thereof. The present invention may be imple-
mented by including only the indispensable constitutional
parts for implementing the essence of the present invention
except the constituents used in improving performance. The
structure including only the indispensable constituents
except the selective constituents used in improving only
performance is also included in the scope of the present
invention.

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. In describing exemplary embodiments of the
present invention, well-known functions or constructions
will not be described in detail since they may unnecessarily
obscure the understanding of the present invention. The
same constituent elements in the drawings are denoted by
the same reference numerals, and a repeated description of
the same elements will be omitted.

FIGS. 1A-1C are views showing a 360 degree image
according to an embodiment of the present invention.

A 360 degree image may project an image stored in a
two-dimensional space as illustrated in FIG. 1A to a three-
dimensional space as illustrated in FIG. 1B, thereby showing
the image to a user. As illustrated in FIG. 1C, a user may
watch an image projected from inside to his or her surround-
ings and thus may be able to experience as if being in the
image.

In 360 degree image, there are many methods for storing
an image in a two-dimensional space, as illustrated in FIG.
1A, and for projecting an image, as illustrated in FIG. 1B.
VVC specifies such methods in a specific projection format.
For example, as shown in FIG. 1A, CMP (Cube Map
Projection) format is a projection format method that has six
sides in two dimensions and projects each of the six sides to
the corresponding six sides of a three-dimensional cube. In
addition, ERP (Equi-rectangular Projection) format is a
projection format method that projects a two-dimensional
image of a rectangle to a sphere and provides a user with the
image. All the project formats, which are being currently
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discussed in VVC, are formats that have been converted
from an ERP format projecting an image information of a
sphere to a two-dimensional image of a rectangle. Therefore,
since performance is basically measured by using a format
converted from an ERP format, in the case of a CMP
projection format, each sample information in an ERP
format is unequally projected.

FIGS. 2A-2B are views showing image sample size
refinement according to an embodiment of the present
invention.

FIG. 2A is an example showing why an image sample is
unequally projected during conversion of an ERP format to
a CMP format. Referring FIG. 2A, x1' and x2' may be image
samples covering a same region in a sphere. When the image
samples are subjected to a conversion equation i(x) by which
they are projected from a sphere to a cube, x1 and x2, which
are the respective distances of the samples from the sphere
to the cube, may be different from each other. Due to such
a distance difference, x1 and x2, which have been subjected
to a conversion equation, cover regions with different sizes.
Accordingly, there may be a difference of image sample size.
In order to solve the problem, various types of projection
formats are proposed which have an additional sample size
refinement in the existing CMP conversion. EAC (Equi-
Angular Cube Map) format is a projection format that
applies an additional refinement equation f(x) to equalize
samples, as shown in FIG. 2B. Referring to FIG. 2B, by
applying a conversion equation i(x) as in CMP format first
and then a refinement equation f(x), which considers a
distance difference between a sphere and a cube, to x1' and
x2', samples x1" and x2" that are projected to a cube may
have a same size.

FIG. 3 is a view showing a conversion equation of EAC
format according to an embodiment of the present invention.

Referring to FIG. 3, the equations h(x) and i(x) are like a
conversion equation in CMP format, and the equations j(x)
and k(x) are conversion equations that are additionally
implemented for sample refinement after a conversion equa-
tion in CMP format is implemented. In other words, an EAV
format may be made by applying k(x) to a CMP format, and
the EAC format may return to the CMP format by applying
j(x), which is an inverse conversion equation of the corre-
sponding equation.

Meanwhile, an EAC format could enhance coding effi-
ciency by refining the inequality of samples but could not
solve the problem of a low correlation among sides, which
had been shown by the existing CMP format.

FIG. 4 is a view showing a difference between an EAC
image and an HEC image according to an embodiment of the
present invention.

Referring to FIG. 4, as in a portion indicated by a circle
in EAC image, an EAC image may undergo a problem of
rapid distortion in a boundary line between sides, which is
unique to CMP. In order to solve the problem, HEC(Hybrid
Equi-Angular Cube Map) projection format was proposed.
As illustrated in the right image of FIG. 4, an HEC format
adjusts a size of sample refinement of y-axis (vertical axis)
along x-axis (horizontal axis) in each side, thereby modify-
ing the existing EAC format. Through this, the distortion of
image samples between sides was made gentler.

HEC project format (or HEC format) is adopted as the
default projection format in VVC standardization concern-
ing 360 degree images, since it shows the best compression
efficiency in a performance test according to the 360 degree
image Common Test Condition (CTC).

FIG. 5 is a view showing a conversion equation of HEC
format according to an embodiment of the present invention.
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As shown in the example of EAC format described in
FIG. 3, h(x) and i(x) are conversion equations in CMP
format. In addition, for sample refinement, j(x) and k(x),
which are the same as in EAC format, may be applied to a
horizontal axis, and 1(y) and m(y) may be applied to a
vertical axis.

In an encoder for video compression, temporal prediction
is utilized based on a high correlation between images with
a close time difference. Recently, concerning the next gen-
eration video codec standardization, HEC format has been
adopted and is being researched to encode 360 degree
images. HEC format may enhance coding efficiency better
than the existing CMP format by equalizing sample sizes
and minimizing distortion between sides within an image.
However, a refinement operation performed in an HEC
format may generate a distortion for the shape of an object,
when the position of the object in an image is changed. The
distortion is generated since HEC format differently pro-
cesses a degree of sample refinement according to position.
In other words, when an object in an image does not move,
a distortion due to sample refinement is not problematic. On
the other hand, when the relative position of the correspond-
ing object in an image is changed, a difference of refinement
degree is generated and thus a correlation between images
decreases, which is problematic. Particularly, in a motion
information estimation that maximally uses information of a
neighboring block, such a problem may become more
prominent.

FIGS. 6A-6D are views showing a change of motion
information due to distortion generated by a sample refine-
ment in an HEC image according to an embodiment of the
present invention.

FIG. 6A shows successive images in an HEC format at
times t-1 and t respectively. The image at t-1 is an imme-
diately previous image of the image at t. The two images are
neighboring in time. The t-1 image may be used as a
reference picture in an encoding process of the t image.
Here, when an object in the t-1 image moves and the
position of the object is changed in the t image, the shapes
att-1 and t may be different in an HEC format. Accordingly,
as illustrated in FIG. 6B, different pieces of motion infor-
mation may appear between neighboring blocks. Ultimately,
this may decrease a coding efficiency.

However, a distortion due to the characteristic of a pro-
jection format of HEC may be known through a refinement
equation. Therefore, additionally refining motion informa-
tion with a low correlation through a refinement equation
before using it may be more advantageous in terms of coding
efficiency than using the information as it is. In the present
disclosure, a method and apparatus for additionally refining
a motion information distortion due to image sample refine-
ment may be provided.

Hereinafter, a method of refining a motion information
distortion will be described.

When a 360 degree image is encoded/decoded, image
data may be stored in a planar fashion. However, when a 360
degree image is played, it is projected in a stereoscopic
space, and a viewer can see a portion of a screen projected
in the space. Here, there are various methods of storing 360
degree image data in a planar fashion. The methods may
include a distortion of an image for planarizing a stereo-
scopic structure and enhancing a coding efficiency. A struc-
ture of planarizing and storing 360 degree image data is a
projection format. Distortion due to a projection format may
cause a decrease in the efficiency of a video compression
technique. Since a general video compression technique
does not consider a distortion due to a projection format, a
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coding efficiency may decrease in an image where a distor-
tion due to a projection format is present.

FIGS. 7A-7F are views showing a distortion comparison
between a CMP image and an HEC image according to an
embodiment of the present invention.

FIG. 7A is an example of a 360 degree image stored in an
actual CMP format, and FIG. 7B is an example of a 360
degree image stored in an actual HEC format. FIG. 7C
expresses a grid of an image in the CMP format, where each
region is partitioned into small squares. In a CMP format,
when an object is moved in parallel with a screen, no
distortion of shape is generated by the movement of the
object. A square grid may mean the characteristic. Accord-
ingly, each square grid may maintain its square shape
without distortion of shape according to position. FIG. 7E is
an enlarged view of a square region indicated in the grid of
FIG. 7C. It can be confirmed that the two square grids at
different positions do not have different shapes or sizes.

Meanwhile, FIG. 7D is a view obtained by converting the
grid image of FIG. 7C into an HEC format. Referring to FIG.
7D, it can be confirmed that a grid in an HEC format is
distorted with respect to a grid in a CMP format. The reason
why a CMP format is used a criterion is that no distortion of
image in a CMP format occurs due to parallel movement
with respect to screen. Referring to FIG. 7D, it can be
confirmed how HEC conversion distorts a CMP image. For
example, each of square grids, which are identical according
to the position of an image in a CMP format, has a different
shape and size in an HEC format. FIG. 7F is an enlarged
view of a square region indicated in the grid of FIG. 7D. It
can be confirmed that the shape and/or size of a grid
becomes different at different positions. In FIG. 7F, when a
shape in the region 0,1 is translated to the region 1,1, the size
and form of the shape may become different according to
position. Accordingly, in an HEC format, a movement of a
shape may generate a distortion thereof at the same time.

Inter-screen prediction technology as one of video com-
pression technologies is a technology of predicting a pixel
information of a current block from a reference picture.
Here, an inter-screen prediction may express a prediction
information by considering a movement of an object in a
screen due to a temporal change of a reference picture and
a current picture and using motion information. In an
inter-screen prediction, motion information may be pre-
dicted in order to encode the motion information more
efficiently. In other words, predicting motion information
may be called a motion information prediction, and the
prediction of a motion information utilizes a high probability
that motion information is similar between each block.
When no distortion is caused by a projection format like in
a general two-dimensional image or a CMP image used for
a 360 degree image, each motion of objects that have a
parallel movement with respect to a screen in the same
manner may be expressed by a similar motion information.
However, when a distortion is caused by a projection format,
even objects with a same motion may have a comparatively
large difference in motion information. When there is a large
difference in motion information, a coding efficiency of
motion information prediction may decrease. Not only in a
process of predicting motion information but also in other
processes utilizing motion information, a distortion due to a
projection format generates a distortion of a motion infor-
mation, and thus the utilization of a motion information may
be inaccurately performed. Herein, a distortion of motion
information due to a projection format may be called a
motion information distortion. Accordingly, in the present
disclosure, a method and/or apparatus for refining a motion
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information distortion may be provided in order to reduce
inaccurate utilization of motion information like a decrease
of motion information prediction efficiency caused by a
motion information distortion.

FIG. 8 is a view showing a process where the accuracy of
a motion information prediction decreases due to a parallel
movement in an HEC image according to an embodiment of
the present invention.

FIG. 8 is an example showing a change of a grid on a
specific side and a distortion of shape, when a CMP image
is converted into an HEC image. Referring to FIG. 8, where
there are human-like shapes, each of human-like shapes
included in a candidate block and a current block respec-
tively may mean a shape in a current picture, and each of
human-like shapes included in a reference region of the
candidate block and a reference region of the current block
respectively may mean a shape in a reference picture. The
two shapes are not present in a same picture, and since the
two shapes have different temporal positions, they may also
exist in different pictures. In FIG. 8, the positions of two
shapes mean a spatial positional relationship, and temporal
positional relationships may be different from each other.
The two shapes are identical but may have a difference in
form and/or size due to a distortion of a projection format.
The difference may be known through the grid behind the
shapes. A current block and a candidate block may be
encoded by inter prediction respectively. A candidate block
is encoded by referring to a reference region of the candidate
block, and motion information used herein is indicated by an
arrow starting from the candidate block. A current block is
encoded by referring to a reference region of the current
block, and motion information used herein is indicated by an
arrow starting from the current block. The two shapes
moved in parallel with the screen in an actual screen.
However, the sizes and/or forms of the shapes changed due
to a distortion of a projection format.

Meanwhile, when video encoding and decoding are per-
formed, each block searches for a reference region with the
highest coding efficiency, and the reference region may
mean a position where a pixel distribution is most similar to
each block. Referring to FIG. 8, a region that has the most
similar pixel distribution to a candidate block may be a
reference region of the candidate block, and a region that has
the most similar pixel distribution to a current block may be
a reference region of the current block. Motion information
is information that is used for encoding a region referred to
by each block, and motion information prediction may be
used to encode the motion information more efficiently.
Motion information prediction may be performed by using
the motion information of a neighboring block, and a coding
efficiency may be enhanced as the motion information of the
neighboring block is more similar to the motion information
of a current block.

In FIG. 8, two shapes have an actually same motion in a
space, and shapes with a same motion are partitioned in a
candidate block and a current block. When there is no
distortion of a projection format, a candidate block and a
current block may have a same or very similar motion
information. However, in the case of FIG. 8, since an HEC
format with a projection format distortion is used, it can be
confirmed that the motion information of a candidate block
and the motion information of a current block are different
from each other. In FIG. 8, motion information may be
distorted by a distortion of a projection format, and it can be
known that because of the distortion a difference of motion
information is generated between a current block and a
candidate block. As a difference of motion information is



US 11,570,463 B2

11

generated between a current block and a candidate block that
is used to predict the current block, the efficiency of motion
information prediction may decrease.

Meanwhile, a distortion of motion information may be
refined by inverting the generated distortion. Herein, since
the distortion is determined by a projection format, refine-
ment may be performed when the projection format is
known. When inter-screen prediction is performed, a refer-
ence picture has a same projection format distortion as a
current picture. Accordingly, when there is no motion
between a reference picture and a current picture (that is, the
size of a motion is 0), no motion information distortion is
generated. However, when a motion occurs between a
reference picture and a current picture, a distortion may be
generated according to a position of a current block and a
size and/or direction of the motion. Accordingly, when a
projection format, a position of a current block and a size
and/or direction of a motion are known, a distortion may be
refined.

When a motion of a current block is estimated through
motion information prediction, the motion information that
is referred to in a process of motion information prediction
is different at a position of a current block and at a position
of a block that is referred to. For this reason, the motion
information of the current block and the motion information
that is referred to may have different distortions. It is because
distortions due to a projection format are different at differ-
ent positions in an image. Motion information without
distortion may be estimated by using a position where
motion information referred to is generated, motion infor-
mation and/or a projection format. When there is no distor-
tion, the motion information referred to is more likely to be
similar to undistorted motion information of a current block.
Accordingly, estimated motion information without distor-
tion may be predicted as undistorted motion information of
a current block. By distorting the predicted motion infor-
mation without distortion of the current block again to match
with a distortion of the current block, motion information
suitable for the current block may be predicted. Herein, a
process of removing a distortion of motion information
referred to and a process of distorting the motion informa-
tion again to make it suitable for a current block may be
integrated into a single process.

FIG. 9 is a view showing a process of performing distor-
tion refinement during motion information prediction for a
current block according to an embodiment of the present
invention.

Referring to FIG. 9, A means a candidate motion vector
information (or motion vector) that is referred to by a current
block and is expressed by a two-dimensional vector with a
starting position a and an indicated position b. In other
words, A may mean a motion vector. In addition, the position
of a current block is ¢, and the current picture has an HEC
format. Since an HEC format has a projection format
distortion, if the motion information of a current block is
predicted from A that is not yet refined, a prediction effi-
ciency may decrease. In order to refine the motion A
including a distortion, a conversion into a CMP format
without projection format distortion may be performed. A',
which is A converted into a CMP format, may be obtained
by converting a, the starting position of A and b into
coordinates in the CMP format. By using j(x) and 1(y), which
are equations performing a conversion from an HEC format
into a CMP format, a' and b' that are positions in the CMP
format corresponding to a and b respectively may be
obtained. Here, j(x) may mean an equation that converts an
x-axis pixel coordinate of an HEC format into an x-axis

10

15

20

25

30

35

40

45

50

55

60

65

12

pixel coordinate of a CMP format, and 1(y) may mean an
equation that converts a y-axis pixel coordinate of an HEC
format into a y-axis pixel coordinate of a CMP format. The
motion information A' in a CMP format, which corresponds
to the motion information A in an HEC format, is a piece of
motion information expressed by a two-dimensional vector
with a starting position a' and an indicated position b'.

As there is no motion information distortion in a motion
information prediction in a CMP format, motion information
at a position in a CMP format corresponding to a current
block may be predicted from A'. In a CMP format, a position
corresponding to a current block is ¢'. Accordingly, motion
information at ¢' may be estimated to be A'. ¢' may be
obtained by converting the position ¢ of a current block in
an HEC format into a position in a CMP format.

The motion information A' of a current block, which is
estimated in a CMP format, needs to be converted again into
a corresponding motion information in an HEC format.
Here, since ¢, which is the position of a current block in an
HEC format, is different from the position a, even if an
estimated motion information of a current block is the same
as A', it will not become A when being restored to the HEC
format. Accordingly, it needs to be restored to motion
information in an HEC format by considering the position of
a current block. For example, the position d' referred to by
¢' may be obtained by using motion information A'. When
the corresponding position d in an HEC format for d' is
obtained, a predicted motion information B of a current
block may be obtained by using a difference from c that is
a position of the current block in an HEC format (for
example, B=d—c). As B is motion information with refined
distortion, it is more likely to be similar to the actual motion
information of a current block than motion information with
unrefined distortion.

FIG. 10 is a block diagram illustrating a configuration of
an encoder to which a motion information distortion refine-
ment is applied, according to an embodiment of the present
invention.

FIG. 11 is a block diagram illustrating a configuration of
a decoder to which a motion information distortion refine-
ment is applied, according to an embodiment of the present
invention.

In FIG. 10 and/or FIG. 11, a motion information distortion
refining unit performing motion information distortion
refinement is added to an existing encoder/decoder. The
motion information distortion refining unit may receive a
necessary reference picture sample information (or refer-
ence information) from a reconstructed image buffer and
transmit motion information, of which the distortion is
refined in inter prediction, to an inter prediction unit.

FIG. 12 is a flowchart illustrating an operating method of
an encoder/decoder performing a motion information dis-
tortion refinement in motion information prediction accord-
ing to an embodiment of the present invention.

In a step of generating motion information, the motion
information of a current block or every kind of motion
information that is used to know the motion information of
a current block may be input. The motion information means
every kind of motion information considered in a motion
information prediction process, and for example, there are
an AMVP motion candidate, a merge motion candidate, a
decoded motion information and the like.

In a step of refining a motion information distortion, a
distortion of motion information may be refined. For
example, when motion information in the step of generating
motion information has a distortion due to a projection
format of a current block, the distortion may be refined.
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In a step of ‘Is it performed for every block?’, it may be
judged whether or not inter prediction has been performed
for every block where inter prediction is performed.

In a step of selecting a next block, a corresponding block
may be selected according to a predetermined order or rule
in order to perform an encoding or decoding process of a
next block. When the corresponding block is encoded or
decoded by inter prediction, a step of generating motion
information may be performed.

FIGS. 13A-13B are block diagrams illustrating a configu-
ration of an encoder/decoder performing a motion informa-
tion distortion refinement in motion information prediction
according to an embodiment of the present invention.

FIG. 13Ais a block diagram illustrating a configuration of
an encoder to which a motion information distortion refine-
ment is applied.

A motion information generating unit may generate the
motion information of a current block or every kind of
motion information that is used to know the motion infor-
mation of a current block. The motion information means
every kind of motion information considered in a process of
motion information prediction, and for example, there are an
AMVP motion candidate, a merge motion candidate, a
decoded motion information and the like. According to a
method of generating motion information, the information
of a current block or a neighboring block may be used.

A motion information distortion refining unit may refine
a distortion of motion information. For example, when
motion information generated by a motion information
generating unit has a distortion due to a projection format,
the distortion may be refined.

A motion information encoding unit may encode infor-
mation that is used to generate motion information. The
information may include motion information with a motion
information distortion being refined. The motion informa-
tion may be coded in a bitstream.

FIG. 13B is a block diagram illustrating a configuration of
a decoder to which a motion information distortion refine-
ment is applied.

A motion information decoding unit may decode infor-
mation, which is used to generate encoded motion informa-
tion, from a bitstream.

Based information used to generate a decoded motion
information, a motion information generating unit may
generate the motion information of a current block or every
kind of motion information used to know the motion infor-
mation of a current block. The motion information means
every kind of motion information considered in a process of
motion information prediction, and for example, there are an
AMVP motion candidate, a merge motion candidate, a
decoded motion information and the like. According to a
method of generating motion information, the information
of a current block or a neighboring block may be used.

A motion information distortion refining unit may refine
a distortion of motion information. When motion informa-
tion generated by a motion information generating unit has
a distortion due to a projection format, the distortion may be
refined.

Based on motion information with distortion being
refined, a motion compensating unit may perform a motion
compensation of a current block by using an ultimately
generated motion information. By performing the motion
compensation, a pixel of a current block may be predicted or
reconstructed.

Meanwhile, as the case may be, unrefined motion infor-
mation may be more advantageous to encoding than motion
information with a motion information distortion being
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refined. Alternatively, according to an environment of an
encoder/decoder, a motion information distortion refinement
may be selectively skipped. For example, when the perfor-
mance of a motion information distortion refinement is
skipped, since a calculation process for using a motion
information distortion refinement is skipped, computational
complexity may be reduced. In this case, a method of
selectively performing a motion information distortion
refinement may be applied. Here, whether or not to perform
a motion information distortion refinement may be deter-
mined according to a predetermined criterion. Hereinafter,
an embodiment of criterion for determining whether or not
to perform a motion information distortion refinement will
be described.

1) Based on a size of motion information, it may be
determined whether or not to perform a motion information
distortion refinement.

A distortion of motion information due to a projection
format tends to increase as the size of the motion informa-
tion increases. Here, the size of the motion information may
mean a motion degree of a shape expressed by the motion
information, and it may mean that as a size of motion
information is larger, a spatial motion of a shape is greater.
For example, by using a predetermined threshold, a motion
information distortion refinement may be performed only for
the motion information that is larger than the predetermined
threshold. Herein, a value that is predefined in an encoder/
decoder may be used as the threshold. Alternatively, it may
be used by being synchronized through separate signaling.

2) Based on a face position of a current block, it may be
determined whether or not to perform a motion information
distortion refinement.

A divided side of a picture that is defined in a projection
format is a face. The face may mean how each screen region
in a 360 degree image will be arranged in a space.

FIG. 14 is a view showing a face division of a picture in
a 360 degree image format according to an embodiment of
the present invention.

The number of each face may mean a position of each
face and a connection relationship in a space. Herein,
according to a projection format, each face may have a
different degree or characteristic of distortion. Accordingly,
different methods of distortion refinement may be per-
formed, or distortion refinement may be skipped according
to each face.

3) Based on a characteristic of a block in a face of a
current block, it may be determined whether or not to
perform a motion information distortion refinement.

According to a position of a block in each face, a degree
or characteristic of distortion due to a projection format may
be different. In addition, a degree or characteristic of dis-
tortion may also be different according to a size or shape of
a block. A degree or characteristic of distortion according to
a position, size and shape of a block may be applied to both
a current block and a block referred to by the current block.
Accordingly, a method of refining a motion information
distortion and whether or not to perform the method may be
determined by using all or some of block characteristics like
positions in a face, sizes and shapes of a current block and
a reference block.

4) Based on signaling, it may be determined whether or
not to perform a motion information distortion refinement.

A decoder may determine whether or not to perform a
distortion refinement through a signaled signal, and an
encoder may encode a signal and perform signaling by
determining whether or not to perform a distortion refine-
ment. For example, using all or some of the methods 1) to
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3), an encoder may determine whether or not to perform a
distortion refinement. In addition, for the determination, an
encoder may directly compare coding efficiencies between
using motion information with a distortion being refined and
using motion information with an unrefined distortion. The
signaling may be performed explicitly or be performed
implicitly. As an example of implicit signaling, when a
merge list or an AMVP list is configured, both a candidate
with a distortion being refined and a candidate with an
unrefined distortion may be used, and whether or not a
distortion is refined may be inferred by using a merge index
or an AMVP index, which is sent in a merge mode or an
AMVP mode.

Meanwhile, the methods 1) to 4) may be used individu-
ally. Alternatively, two or more methods may be compos-
itely used.

FIG. 15 is a flowchart illustrating an operating method of
an encoder/decoder that selectively performs a motion infor-
mation distortion refinement according to an embodiment of
the present invention.

In a step of generating motion information, the motion
information of a current block or every kind of motion
information that is used to know the motion information of
a current block may be generated. The motion information
means every kind of motion information considered in a
motion information prediction process, and for example,
there are an AMVP motion candidate, a merge motion
candidate, a decoded motion information and the like.

In a step of ‘Is distortion refinement performed?’, it may
be determined whether or not a motion information distor-
tion refinement is performed.

In a step of refining a motion information distortion, a
distortion of motion information may be refined. For
example, when motion information generated in a step of
generating motion information has a distortion due to a
projection format, the distortion may be refined.

In a step of ‘Is it performed for every block?’, it may be
judged whether or not inter prediction has been performed
for every block where inter prediction is to be performed.

In a step of selecting a next block, a corresponding block
may be selected according to a predetermined order or a
predetermined rule in order to perform an encoding or
decoding process of a next block. When the corresponding
block is encoded or decoded by inter prediction, a step of
generating motion information may be performed.

FIGS. 16 A-16B are block diagrams illustrating a configu-
ration of an encoder/decoder selectively performing a
motion information distortion refinement according to an
embodiment of the present invention.

FIG. 16A is a block diagram illustrating a configuration of
an encoder to which a method of selectively performing a
motion information distortion refinement is applied.

A motion information generating unit may generate the
motion information of a current block or every kind of
motion information that is used to know the motion infor-
mation of a current block. The motion information means
every kind of motion information considered in a motion
information prediction process, and for example, there are
an AMVP motion candidate, a merge motion candidate, a
decoded motion information and the like. According to a
method of generating motion information, the information
of a current block or a neighboring block may be used.

A motion information distortion refining unit may refine
a distortion of motion information. For example, when
motion information generated by a motion information
generating unit has a distortion due to a projection format,
the distortion may be refined.
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A selection unit of whether or not to refine motion
information may select motion information to be used for
encoding a current block between motion information gen-
erated in a motion information generating unit and motion
information for which a distortion has been refined in a
motion information distortion refining unit, in accordance
with a predetermined criterion.

A motion information encoding unit may encode infor-
mation that is used to generate motion information. The
information may include motion information with a motion
information distortion being refined. The encoded motion
information may be included in a bitstream.

A motion information encoding unit may encode infor-
mation that is used to generate motion information. The
information may include motion information that is selected
in a selection unit of whether or not to refine motion
information. The encoded motion information may be
included in a bitstream.

FIG. 16B is a block diagram illustrating a configuration of
a decoder to which a method of selectively performing a
motion information distortion refinement is applied.

A motion information decoding unit may decode infor-
mation, which is used to generate encoded motion informa-
tion, from a bitstream.

Based on information used to generate decoded motion
information, a motion information generating unit may
generate the motion information of a current block or every
kind of motion information used to know the motion infor-
mation of a current block. The motion information means
every kind of motion information considered in a motion
information prediction process, and for example, there are
an AMVP motion candidate, a merge motion candidate,
decoded motion information and the like. According to a
method of generating motion information, the information
of a current block or a neighboring block may be used.

A motion information distortion refining unit may refine
a distortion of motion information. When motion informa-
tion generated by a motion information generating unit has
a distortion due to a projection format, the distortion may be
refined.

A selection unit of whether or not to refine motion
information may select motion information to be used for
decoding a current block between motion information gen-
erated in a motion information generating unit and motion
information for which a distortion has been refined in a
motion information distortion refining unit, in accordance
with a predetermined criterion.

A motion compensating unit may perform a motion
compensation of a current block by using motion informa-
tion that is ultimately selected in a selection unit of whether
or not to refine motion information. By performing the
motion compensation, a pixel of a current block may be
predicted or reconstructed.

Hereinafter, a method of refining a motion information
distortion in an AMVP mode will be described.

An AMVP mode may predict the motion information of
a current block from a temporal/spatial neighboring candi-
date block. However, when an intra-picture spatial position
of a temporal/spatial neighboring candidate block is differ-
ent from an intra-picture spatial position of a current block,
or when the size of motion information used as a prediction
candidate is not 0, motion information may be distorted due
to a distortion caused by a projection format, and thus a
prediction accuracy may decrease.

FIGS. 17A-17B are views showing a temporal/spatial
candidate configuration of a current block according to an
embodiment of the present invention.
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Referring to FIG. 17A, A1, A2, B0, B1 and B2 may mean
spatial candidates of a current block and positions of spatial
candidates, and H and C may mean a temporal candidate of
a current block and a spatial position of a temporal candi-
date. The positions of the temporal/spatial candidates are
different from each other and may also be different from the
position of a current block. Accordingly, a prediction accu-
racy may be enhanced by refining a motion information
distortion caused by a difference of position between each
temporal/spatial candidate and a current block.

Here, an actual candidate block existing at the position of
each candidate block may be various in size and/or shape.
Alternatively, encoding methods may be different from each
other.

FIG. 18 is a view showing a reference position of a
candidate block and a configuration of an actual candidate
block at the reference position according to an embodiment
of the present invention.

Referring to FIG. 18, a configuration of an actual candi-
date block may have a different shape and size. Here,
according to a size and shape of a candidate block, an
estimation location of motion information of each candidate
block may become different. For example, when a starting
position of motion information of each candidate block is
estimated to be the center of a corresponding candidate
block, even if it is referred to at a same candidate position,
central positions of candidate blocks may be different from
each other. Here, as a block is larger, a distance of motion
information between a current block and a candidate block
may increase. When a position between the motion infor-
mation of a candidate block and the motion information of
a current block becomes different, a motion information
distortion refinement may become different. It is because a
motion information distortion refinement uses position
information of each block according to a projection format.

Meanwhile, a position of a candidate block may be
estimated by using various positions like the center of a
candidate block, the upper left position of a candidate block
and the lower right position of a candidate block. Alterna-
tively, the position of each candidate block may be estimated
from a specific position and a size information of a block.
Accordingly, when a motion information distortion refine-
ment is used, a process of estimating a position of a
candidate block may be necessary. In this case, position
information of a candidate block may be referred to.

For example, when a candidate is encoded by a sub-block
unit intra prediction technique, when a position of a candi-
date block is estimated by using a predefined method but not
considering an actual shape and size of a candidate block,
and in the like case, a position of a candidate block may be
estimated by a predefined method without position informa-
tion or size information of a candidate block being directly
referred to.

For another example, when a predefined method is used,
a method of storing a separate information of a candidate
block or estimating a position of a candidate block may be
skipped. For example, sub-block initial motion information
may be replaced by the initial motion information of a
candidate block.

Herein, as an example of estimating a position of a
candidate block by a predefined method, the motion infor-
mation of a sub block existing at a candidate block reference
position (for example, A1, A2, B0, B1, B2 in FIG. 18) may
be referred to, or a candidate block at a candidate block
reference position may be assumed to have a same size and
shape as a sub block. Alternatively, the reverse may be the
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case. For example, the motion information of a sub block
may be replaced by the motion information of a candidate
block.

FIG. 19 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement of an AMVP list according to an embodiment of
the present invention.

Referring to FIG. 19, after an AMVP list is configured, a
distortion refinement for motion information in the config-
ured AMVP list may be performed. AMVP may configure an
AMVP list by selecting only some of AMVP candidates. For
candidates configured in an AMVP list, a motion informa-
tion distortion refinement may be performed.

In a step of generating an AMVP list, AMVP candidates
may be selected from available AMVP candidates according
to a predetermined method and/or a predetermined priority
order, and an AMVP list, which is a set of the selected
AMVP candidates, may be generated. Each AMVP candi-
date has motion information and may have additional infor-
mation for performing a motion information distortion
refinement. The additional information may include position
information of a candidate and the like.

In a step of refining a motion information distortion of an
AMVP list, a motion information distortion refinement may
be performed for motion information of an AMVP candidate
existing within an AMVP list. For example, a motion
information distortion refinement may be performed for all
the motion information within an AMVP list and may also
be performed only for some motion information. In addition,
according to a judgment criterion for whether or not to
perform a distortion refinement or according to a priority
order of candidates, a motion information distortion refine-
ment may be performed only for some candidates, or a
motion information distortion refinement may be performed
for all candidates.

In a step of selecting a best candidate, a best reference
candidate for encoding/decoding a current block may be
selected in an AMVP list with a motion information distor-
tion being refined.

In a step of ‘Is it performed for every block?’, it may be
judged whether or not an AMVP mode has been performed
for every block where inter prediction is performed.

In a step of selecting a next block, a corresponding block
may be selected according to a predetermined order or a
predetermined rule in order to perform an encoding or
decoding process of a next block. When the corresponding
block is encoded or decoded into an AMVP mode, a step of
generating an AMVP list may be performed.

FIG. 20 is a block diagram illustrating a configuration of
an apparatus performing motion information distortion
refinement of an AMVP list according to an embodiment of
the present invention.

Referring to FIG. 20, after an AMVP list is configured, a
distortion refinement for motion information within the
configured AMVP list may be performed. AMVP may
configure an AMVP list by selecting only some of AMVP
candidates. For candidates configured in an AMVP list, a
motion information distortion refinement may be performed.

An AMVP candidate searching unit may search for can-
didate motion information available in an AMVP by using a
current block and a neighboring block according to a pre-
determined method.

An AMVP list generating unit may select AMVP candi-
dates from available AMVP candidates according to a pre-
determined method and/or a predetermined priority order
and may generate an AMVP list that is a set of the selected
AMVP candidates. Each AMVP candidate has motion infor-
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mation and may have additional information for performing
a motion information distortion refinement. The additional
information may include position information of a candidate
and the like.

An AMVP list motion information distortion refining unit
may perform a motion information distortion refinement for
motion information of an AMVP candidate existing within
an AMVP list. For example, a motion information distortion
refinement may be performed for all the motion information
within an AMVP list and may also be performed only for
some motion information. In addition, according to a judg-
ment criterion for whether or not to perform a distortion
refinement or according to a priority order of candidates, a
motion information distortion refinement may be performed
only for some candidates, or a motion information distortion
refinement may be performed for all candidates.

FIG. 21 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement for an AMVP candidate according to an embodi-
ment of the present invention. In a step of searching for an
AMVP candidate, an available AMVP candidate may be
searched for according to a predetermined method and/or a
predetermined priority order.

In a step of refining a motion information distortion of an
AMVP candidate, a motion information distortion refine-
ment may be performed for motion information of an AMVP
candidate, which is searched for in a step of searching for an
AMVAP candidate. According to a judgment criterion for
whether or not to perform a distortion refinement or accord-
ing to a priority order of candidates, a motion information
distortion refinement may be performed only for some
candidates, or a motion information distortion refinement
may be performed for all candidates.

In a step of adding an AMVP candidate to an AMVP list,
an AMVP motion information with an AMVP candidate
motion information distortion being refined may be added to
an AMVP list. In addition, it may include a process of
determining whether or not to add each AMVP candidate to
an AMVP list. Herein, whether or not an AMVP candidate
added to an AMVP list has performed a motion information
distortion refinement may be included in a judgment crite-
rion of the determining process.

In a step of ‘has AMVP list size reached a maximum
value?’, it may be confirmed whether or not AMVP candi-
dates with a predefined maximum size have been stored in
an AMVP list. When AMVP candidates with a predefined
maximum size have been added to an AMVP list, the
configuration of the AMVP list may be completed.

When AMVP candidates added to an AMVP list do not
have a predefined maximum size, a step of ‘has search for
every candidate ended?’ may be performed. The step of ‘has
search for every candidate ended?’ may judge whether or not
all the AMVP candidates that can be searched for have been
searched for by a predefined method. When all the AMVP
candidates have been searched for, the configuration of an
AMVP list may be completed. When not all the AMVP
candidates are searched for, a next AMVP candidate may be
searched for.

In a step of selecting a best candidate, a best reference
candidate for encoding a current block may be selected in an
AMVP list with a motion information distortion being
refined.

In a step of ‘Is it performed for every block?’, it may be
judged whether or not an AMVP mode has been performed
for every block where inter prediction is performed.

A step of selecting a next block may select a correspond-
ing block according to a predetermined order or a predeter-
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mined rule in order to perform an encoding or decoding
process of a next block. When the corresponding block is
encoded or decoded into an AMVP mode, a step of searching
for an AMVP candidate may be performed.

FIG. 22 is a block diagram illustrating a configuration of
an apparatus performing motion information distortion
refinement for an AMVP candidate according to an embodi-
ment of the present invention.

An AMVP candidate searching unit may search for can-
didate motion information available in an AMVP by using a
current block and a neighboring block according to a pre-
determined method. Each AMVP candidate has a motion
information and may have additional information for per-
forming a motion information distortion refinement. The
additional information may include position information of
a candidate and the like.

An AMVP candidate motion information distortion refin-
ing unit may perform a motion information distortion refine-
ment for motion information of an AMVP candidate that is
searched for in an AMVP candidate searching unit. For
example, it may be performed for motion information of all
AMVP candidates or only some AMVP candidates. In
addition, according to a judgment criterion for whether or
not to perform a distortion refinement or according to a
priority order of candidates, a motion information distortion
refinement may be performed only for some candidates, or
a motion information distortion refinement may be per-
formed for all candidates.

An AMVP list generating unit may select AMVP candi-
dates from available AMVP candidates according to a pre-
determined method and/or a predetermined priority order
and may generate an AMVP list that is a set of the selected
AMVP candidates. In addition, it may include a process of
determining whether or not to add each AMVP candidate to
an AMVP list. Herein, whether or not an AMVP candidate
added to an AMVP list has performed a motion information
distortion refinement may be included in a judgment crite-
rion of the determining process.

FIG. 23 is a flowchart illustrating an operating method of
an apparatus using both a general AMVP candidate and an
AMVP candidate, for which motion information distortion
refinement is performed, as AMVP candidate, according to
an embodiment of the present invention.

Each step of FIG. 23 is the same as each step of FIG. 21.
However, an AMVP candidate search result may be directly
transmitted not only to a step of refining a motion informa-
tion distortion of an AMVP candidate but also to a step of
adding an AMVP candidate to an AMVP list. Accordingly,
an AMVP list may include both an AMVP candidate with a
motion information distortion being refined and an AMVP
candidate with unrefined motion information distortion for a
same AMVP candidate and may predict motion information
by using the AMVP list. Here, according to whether or not
a motion information distortion refinement is performed, a
priority order for adding an AMVP candidate to an AMVP
list may be changed.

Hereinafter, a method of refining a motion information
distortion in a merge mode will be described.

A merge mode may predict motion information of a
current block from a temporal/spatial neighboring candidate
block. However, when an intra-picture spatial position of a
temporal/spatial neighboring candidate block is different
from an intra-picture spatial position of a current block, or
when the size of motion information used as a prediction
candidate is not 0, motion information may be distorted due
to a distortion caused by a projection format, and thus a
prediction accuracy may decrease.
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Referring to FIG. 17 again, A1, A2, B0, B1 and B2 may
mean spatial candidates of a current block and positions of
spatial candidates, and H and C may mean a temporal
candidate of a current block and a spatial position of a
temporal candidate. The positions of the temporal/spatial
candidates are different from each other and may also be
different from the position of a current block. Accordingly,
a prediction accuracy may be enhanced by refining a motion
information distortion caused by a difference of position
between each temporal/spatial candidate and a current
block.

Here, an actual candidate block existing at the position of
each candidate block may be various in size and/or shape.
Alternatively, encoding methods may be different from each
other.

Referring to FIG. 18 again, according to a size and shape
of a candidate block, an estimation location of motion
information of each candidate block may become different.
For example, when a starting position of motion information
of each candidate block is estimated to be the center of a
corresponding candidate block, even if it is referred to at a
same candidate position, central positions of candidate
blocks may be different from each other. Here, as a block is
larger, a distance of motion information between a current
block and a candidate block may increase. When a position
between motion information of a candidate block and
motion information of a current block becomes different, a
motion information distortion refinement may become dif-
ferent. It is because a motion information distortion refine-
ment uses position information of each block according to a
projection format.

Meanwhile, a position of a candidate block may be
estimated by using various positions like the center of a
candidate block, the upper left position of a candidate block
and the lower right position of a candidate block. Alterna-
tively, the position of each candidate block may be estimated
from a specific position and a size information of a block.
Accordingly, when a motion information distortion refine-
ment is used, a process of estimating a position of a
candidate block may be necessary. In this case, position
information of a candidate block may be referred to.

For example, when a candidate block is encoded by a
sub-block unit intra prediction technology, when a position
of a candidate block is estimated by using a predefined
method without considering an actual shape and size of a
candidate block, and in the like case, a position of a
candidate block may be estimated by a predefined method
without position information or size information of a can-
didate block being directly referred to.

For another example, when a predefined method is used,
a method of storing a separate information of a candidate
block or estimating a position of a candidate block may be
skipped.

Herein, as an example of estimating a position of a
candidate block by a predefined method, the motion infor-
mation of a sub block existing at a candidate block reference
position (for example, Al, A2, B0, B1, B2 and other
positions in FIG. 18) may be referred to, or a candidate block
at a candidate block reference position may be assumed to
have a same size and shape as a sub block.

FIG. 24 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement of a merge list according to an embodiment of the
present invention.
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A merge mode may configure a merge list by selecting
only some of merge candidates. For candidates configured in
a merge list, a motion information distortion refinement may
be performed.

In a step of generating a merge list, merge candidates may
be selected from available merge candidates according to a
predetermined method and/or a predetermined priority
order, and a merge list, which is a set of the selected merge
candidates, may be generated. Each merge candidate has
motion information and may have additional information for
performing a motion information distortion refinement. The
additional information may include position information of
a candidate and the like.

In a step of refining a motion information distortion of a
merge list, a motion information distortion refinement may
be performed for motion information of a merge candidate
existing within a merge list. For example, a motion infor-
mation distortion refinement may be performed for all the
motion information within a merge list and may also be
performed only for some motion information. In addition,
according to a judgment criterion for whether or not to
perform a distortion refinement or according to a priority
order of candidates, a motion information distortion refine-
ment may be performed only for some candidates, or a
motion information distortion refinement may be performed
for all candidates.

In a step of selecting a best candidate, a best reference
candidate for encoding/decoding a current block may be
selected in a merge list with a motion information distortion
being refined.

In a step of ‘Is it performed for every block?’, it may be
judged whether or not a merge mode has been performed for
every block where inter prediction is performed.

In a step of selecting a next block, a corresponding block
may be selected according to a predetermined order or a
predetermined rule in order to perform an encoding or
decoding process of a next block. When the corresponding
block is encoded or decoded into a merge mode, a step of
generating a merge list may be performed.

FIG. 25 is a block diagram illustrating a configuration of
an apparatus performing a motion information distortion
refinement of a merge list according to an embodiment of the
present invention. A merge candidate searching unit may
search for candidate motion information available in a
merge by using a current block and a neighboring block
according to a predetermined method.

A merge list generating unit may select merge candidates
from available merge candidates according to a predeter-
mined method and/or a predetermined priority order and
may generate a merge list that is a set of the selected merge
candidates. Each merge candidate has motion information
and may have additional information for performing a
motion information distortion refinement. The additional
information may include position information of a candidate
and the like.

A merge list motion information distortion refining unit
may perform a motion information distortion refinement for
motion information of a merge candidate existing within a
merge list. For example, a motion information distortion
refinement may be performed for all the motion information
within a merge list and may also be performed only for some
motion information. In addition, according to a judgment
criterion for whether or not to perform a distortion refine-
ment or according to a priority order of candidates, a motion
information distortion refinement may be performed only for
some candidates, or a motion information distortion refine-
ment may be performed for all candidates.



US 11,570,463 B2

23

FIG. 26 is a flowchart illustrating an operating method of
an apparatus performing motion information distortion
refinement for a merge candidate according to an embodi-
ment of the present invention.

In a step of searching for a merge candidate, an available
merge candidate may be searched for according to a prede-
termined method and/or a predetermined priority order.

In a step of refining a motion information distortion of a
merge candidate, a motion information distortion refinement
may be performed for motion information of a merge
candidate, which is searched for in a step of searching for a
merge candidate. According to a judgment criterion for
whether or not to perform a distortion refinement or accord-
ing to a priority order of candidates, a motion information
distortion refinement may be performed only for some
candidates, or a motion information distortion refinement
may be performed for all candidates.

In a step of adding a merge candidate to a merge list,
merge motion information with a merge candidate motion
information distortion being refined may be added to a
merge list. In addition, a process of determining whether or
not to add each merge candidate to a merge list may be
included. Herein, whether or not a merge candidate added to
a merge list has performed a motion information distortion
refinement may be included in a judgment criterion of the
determining process.

In a step of ‘has a merge list size reached a maximum
value?’ it may be confirmed whether or not merge candidates
with a predefined maximum size have been stored in a merge
list. When merge candidates with a predefined maximum
size have been added to a merge list, the configuration of the
merge list may be completed.

When merge candidates added to a merge list do not have
a predefined maximum size, a step of ‘has a search for every
candidate ended?’ may be performed. The step of ‘has a
search for every candidate ended?’ may judge whether or not
all the merge candidates that can be searched for have been
searched for by a predefined method. When all the merge
candidates have been searched for, the configuration of a
merge list may be completed. When not all the merge
candidates are searched for, a next merge candidate may be
searched for.

In a step of selecting a best candidate, a best reference
candidate for encoding a current block may be selected in a
merge list with a motion information distortion being
refined.

In a step of ‘Is it performed for every block?’, it may be
judged whether or not a merge mode has been performed for
every block where inter prediction is performed.

A step of selecting a next block may select a correspond-
ing block according to a predetermined order or a predeter-
mined rule in order to perform an encoding or decoding
process of a next block. When the corresponding block is
encoded or decoded into a merge mode, a step of searching
for a merge candidate may be performed.

FIG. 27 is a block diagram illustrating a configuration of
an apparatus performing motion information distortion
refinement for a merge candidate according to an embodi-
ment of the present invention.

A merge candidate searching unit may search for candi-
date motion information available in a merge by using a
current block and a neighboring block according to a pre-
determined method. Each merge candidate has motion infor-
mation and may have additional information for performing
a motion information distortion refinement. The additional
information may include position information of a candidate
and the like.
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A merge candidate motion information distortion refining
unit may perform a motion information distortion refinement
for motion information of a merge candidate that is searched
for in a merge candidate searching unit. For example, it may
be performed for motion information of all merge candidates
or only some thereof. In addition, according to a judgment
criterion for whether or not to perform a distortion refine-
ment or according to a priority order of candidates, a motion
information distortion refinement may be performed only for
some candidates, or a motion information distortion refine-
ment may be performed for all candidates.

A merge list generating unit may select merge candidates
from available merge candidates according to a predeter-
mined method and/or a predetermined priority order and
may generate a merge list that is a set of the selected merge
candidates. In addition, a process of determining whether or
not to add each merge candidate to a merge list may be
included. Herein, whether or not a merge candidate added to
a merge list has performed a motion information distortion
refinement may be included in a judgment criterion of the
determining process.

FIG. 28 is a flowchart illustrating an operating method of
an apparatus using both a general merge candidate and a
merge candidate, for which motion information distortion
refinement is performed, as merge candidate, according to
an embodiment of the present invention.

Each step of FIG. 28 is the same as each step of FIG. 26.
However, a merge candidate search result may be directly
transmitted not only to a step of refining a merge candidate
motion information distortion but also to a step of adding a
merge candidate to a merge list. Accordingly, a merge list
may include both a merge candidate with a motion infor-
mation distortion being refined and a merge candidate with
unrefined motion information distortion for a same merge
candidate, and motion information may be predicted by
using the merge list. Here, according to whether or not a
motion information distortion refinement is performed, a
priority order for adding a merge candidate to a merge list
may be changed.

Hereinafter, an embodiment of a syntax element for
implementing an image encoding/decoding method and
apparatus refining a motion information distortion will be
described.

Table 1 is an example where motion information distor-
tion refinement enable signaling is included in an SPS
(Sequence Parameter Set) syntax. Here, a motion informa-
tion distortion refinement enable signal may be a signal
determining whether or not to use a motion information
distortion refinement.

TABLE 1
Descriptor
seq__parameter_set__rbsp( ) {
sps__seq__parameter_ set_id ue(v)
i;.rojectioniformatiidx ue(v)

if(projection__format__idx {= NON__360__FORMAT
&& projection__format__idx != CMP_FROMAT )

format_ distortion_ correction_enable_ flag

u(l)

projection_format_idx may be a signal indicating what is
a projection format of an image. Depending on a kind of
projection format of an image, a distortion may be different.
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When an image is not a 360 degree image or has a CMP
format, there is no distortion due to a projection format.
Accordingly, since no distortion refinement is performed
when there is no distortion due to a projection format, the
transmission and reception of the signal format_
distortion_correction_enable_flag may be skipped. When
only a predefined format is used, the transmission and
reception of a signal may be skipped. projection_format_idx
may be a signal to distinguish kinds of projection formats in
cases like when a projection format is not a 360 degree
image, when a projection format is a CMP format or when
a projection format is an HEC format.

NON_360_FORMAT may mean a case where a projec-
tion format of an image is not a 360 degree image, and
CMP_FROMAT may mean a case where a projection format
of an image is a CMP format.

format_distortion_correction_enable_flag is a signal
determining whether or not to perform a step of refining a
distortion due to a projection format and may mean a motion
information distortion refinement enable signal. When the
signal is true, a step of refining a distortion due to a
projection format or a step of refining a motion information
distortion may be performed. According to a judgment
criterion or a signal transmitted and received in a lower unit
of sequence that is a unit where format_distortion_correc-
tion_enable_flag is transmitted and received, whether or not
to perform a step of refining a distortion due to a projection
format may be differently determined in each unit. When the
signal is false, in a lower unit of sequence that is a unit where
format_distortion_correction_enable_flag is transmitted and
received, a step of refining a distortion due to a projection
format is not performed, and the transmission and reception
of an associated signal may be skipped. When whether to
perform the step is defined in advance according to a
predefined appointment of an encoder and decoder, the
transmission and reception of the signal format_
distortion_correction_enable_flag may be skipped.

Table 2 is an example where motion information distor-
tion refinement enable signaling is included in an PPS
(Picture Parameter Set) syntax. Here, a motion information
distortion refinement enable signal may be a signal deter-
mining whether or not to use a motion information distortion
refinement.

TABLE 2
Descriptor
pic__parameter_set_rbsp( ) {
pps__pic_parameter_set_id ue(v)
pps__seq__parameter_set_ id ue(v)
projection__format__idx ue(v)

if(projection__format_idx != NON__360_ FORMAT
&& projection_ format_idx != CMP_FROMAT )

format_ distortion_ correction_enable_ flag

u(l)

projection_format_idx may be a signal indicating what is
a projection format of an image. Depending on a kind of
projection format of an image, a distortion may be different.
When an image is not a 360 degree image or is in a CMP
format, there is no distortion due to a projection format.
Accordingly, since no distortion refinement is performed
when there is no distortion due to a projection format, the
transmission and reception of the signal format_
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distortion_correction_enable_flag may be skipped. When
only a predefined format is used, the transmission and
reception of a signal may be skipped.

NON_360_FORMAT may mean a case where a projec-
tion format of an image is not a 360 degree image, and
CMP_FROMAT may mean a case where a projection format
of an image is a CMP format.

format_distortion_correction_enable_flag is a signal
determining whether or not to perform a step of refining a
distortion due to a projection format and may mean a motion
information distortion refinement enable signal. When the
signal is true, a step of refining a distortion due to a
projection format or a step of refining a motion information
distortion may be performed. According to a judgment
criterion or a signal transmitted and received in a lower unit
of picture that is a unit where format_distortion_
correction_enable_flag is transmitted and received, whether
or not to perform a step of refining a distortion due to a
projection format may be differently determined in each
unit. When the signal is false, in a lower unit of picture that
is a unit where format_distortion_correction_enable_flag is
transmitted and received, a step of refining a distortion due
to a projection format is not performed, and the transmission
and reception of an associated signal may be skipped. When
whether to perform the step is defined in advance according
to a predefined appointment of an encoder and decoder,
transmission and reception of the signal format_
distortion_correction_enable_flag may be skipped.

Table 3 is an example where motion information distor-
tion refinement use signaling is included in a coding unit
syntax. It is an example where a signal is signaled indicating
whether or not each CU (Coding Unit) perform decoding by
using a motion information distortion refinement.

TABLE 3

Descriptor

coding_unit( x0, y0, cbWidth, cbHeight ) {
if( slice_type !=1) {
¥
if( CuPredMode[ %0 ][ yO ] = = MODE_INTRA ) {
} else {/* MODE_INTER */

if(format_ distortion_ correction_enable_flag ) {
cu__format_ distortion_ correction_ flag

u(1)

cu_format_distortion_correction_flag may be a signal
indicating whether or not a current CU performs a motion
information distortion refinement. It may be transmitted and
received only when a current CU performs inter prediction
(MODE_INTER) and format_distortion_correction_en-
able_flag is true. If cu_format_distortion_correction_flag is
true, when a current CU performs inter prediction, a motion
information distortion refinement process may be per-
formed. If cu_format_distortion_correction_flag is false,
when a current CU performs inter prediction, a motion
information distortion refinement process may not be per-
formed. cu_format_distortion_correction_flag may skip the
transmission and reception of a signal by performing a
motion information distortion refinement according to a
method that is predefined in an encoder/decoder.
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Table 4 is an example where motion information distor-
tion refinement use signaling is included in a coding unit
syntax for each prediction direction. It is an example where
a signal indicating whether or not decoding is performed by
using a motion information distortion refinement in each CU
(Coding Unit) is a signaled. It is an example where inter
prediction of CU may be performed as bidirectional predic-
tion. Each CU may perform bidirectional prediction. As an
example where whether or not to perform a motion infor-
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refinement is performed in [.1 direction inter prediction of a
current CU. It may be signaled only when a current CU
performs inter prediction of L1 direction (PRED_L1) and
format_distortion_correction_enable_flag is true. If
cu_format_distortion_correction_flag_11_flag is true, when
a current CU performs L1 direction inter prediction, a
motion information distortion refinement process may be
performed. If cu_format_distortion_correction_flag_11_flag
is false, when a current CU performs L1 direction inter

mation distortion refinement is differently determined for 10 prediction, a motion information distortion refinement pro-
each direction, a signal indicating whether or not to perform cess may not be performed.
a motion information distortion refinement may be signaled cu_format_distortion_correction_I1_flag may skip the
for each direction. transmission and reception of a signal by performing a
TABLE 4
Descriptor

coding_unit( x0, y0, cbWidth, CbHeight ) {

if( slice_type !=1) {

¥

if( CuPredMode[ x0 ][ yO ] = = MODE_INTRA ) {

} else {/*III\I/IODEilNTER */

if(for.r.l.jatidistonionicorrectionienableiﬁag ) {
cu__format_ distortion_ correction_10_ flag u(l)
if( slice_type ==B)
cu__format_ distortion_ correction_11_ flag u(l)
¥

¥

¥
cu_format_distortion_correction_I0_flag may be a signal motion information distortion refinement according to a

indicating whether or not a motion information distortion 35 method that is predefined in an encoder/decoder.
refinement is performed in L0 direction inter prediction of a Table 5 is an example where motion information distor-
current CU. It may be signaled only when a current CU . G ionaling i ’ donlv in AMVP i
performs inter prediction of LO direction (PRED_L0) and tion r.e nement use sighaling 1.s per .orn.le only in AMVP in
format_distortion_correction_enable_flag is  true. If a coding unit syntax, and the signaling is performed for each
cu_format_distortion_correction_flag 10_flag is true, when 40 prediction direction. It is an example where a signal is
a current CU performs LO direction inter prediction, a signaled to indicate whether or not decoding is performed by
motion information dlStOI‘.tIOIl r efinement Jprocess may be using a motion information distortion refinement in each CU
performed. If cu_format_distortion_correction_flag 10_flag Coding Unit) that ; ded/decoded into AMVP mode. 1
is false, when a current CU performs L0 direction inter ( oding Unit) that is eI.ICO © e.co.e into AMVP mode. It
prediction, a motion information distortion refinement pro- 45 15 ai example where inter prediction of CU may be per-
cess may not be performed. formed as bidirectional prediction. Each CU may perform
cu_format_distortion_correction_[0_flag may skip the  bidirectional prediction. As an example where whether or
transmission and reception of a signal by perfqrmmg a not to perform a motion information distortion refinement is
motion information distortion refinement according to a iff v d ined f b directi ional indicati
method that is predefined in an encoder/decoder. 0 ifferently determined for each direction, a signal indicating

cu_format_distortion_correction_I1_flag may be a signal
indicating whether or not a motion information distortion

whether or not to perform a motion information distortion
refinement may be signaled for each direction.

TABLE 5
Descriptor
coding_unit( x0, y0, cbWidth, cbHeight ) {

if( slice__type !=1) {
if( CuPredMode[ x0 ][ yO ] = = MODE_INTRA ) {
} else {/* MODE_INTER */

1f( cu_skip_flag[ x0 [[y0 1) {

} els; {

merge_ flag[ x0 ][ y0 ] ae(v)
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TABLE 5-continued
Descriptor
if( merge_flag[ x0 ][ yO ]) {
} else {
if( slice_type ==B)
inter__pred__ide[ x0 ][ yO ] ae(v)

if (inter_pred__ide[ x0 ][ yO ] != PRED_L1 ) {

if(format_ distortion__correction_enable_ flag) {
cu__format_ distortion_ correction_10_ flag
¥

¥
if (inter_pred__ide[ x0 ][ yO ] != PRED_LO ) {

if(format_ distortion__correction_enable_ flag) {
cu__format_ distortion_ correction_11_ flag
¥

u(l)

u(l)

cu_format_distortion_correction_I0_flag may be a signal
indicating whether or not a motion information distortion
refinement is performed in O direction inter prediction of a
current CU. It may be signaled only when a current CU
performs inter prediction of LO direction (PRED_L0) and
format_distortion_correction_enable_flag is  true. If
cu_format_distortion_correction_flag 10_flag is true, when
a current CU performs [0 direction inter prediction, a
motion information distortion refinement process may be
performed. If cu_format_distortion_correction_flag 10_flag
is false, when a current CU performs L0 direction inter
prediction, a motion information distortion refinement pro-
cess may not be performed.
cu_format_distortion_correction_I0_flag may skip the
transmission and reception of a signal by performing a
motion information distortion refinement according to a
method that is predefined in an encoder/decoder.

cu_format_distortion_correction_I1_flag may be a signal
indicating whether or not a motion information distortion
refinement is performed in [.1 direction inter prediction of a
current CU. It may be signaled only when a current CU
performs inter prediction of L1 direction (PRED_L1) and
format_distortion_correction_enable_flag is  true. If
cu_format_distortion_correction_flag 11_flag is true, when
a current CU performs L1 direction inter prediction, a
motion information distortion process may be performed. If
cu_format_distortion_correction_flag 11_flag is false,
when a current CU performs [.1 direction inter prediction, a
motion information distortion process may not be per-
formed. cu_format_distortion_correction_I1_flag may skip
the transmission and reception of a signal by performing a
motion information distortion refinement according to a
method that is predefined in an encoder/decoder.

In the above-described embodiments, the methods are
described based on the flowcharts with a series of steps or
units, but the present invention is not limited to the order of
the steps, and rather, some steps may be performed simul-
taneously or in different order with other steps. In addition,
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it should be appreciated by one of ordinary skill in the art
that the steps in the flowcharts do not exclude each other and
that other steps may be added to the flowcharts or some of
the steps may be deleted from the flowcharts without influ-
encing the scope of the present invention.

The embodiments include various aspects of examples.
All possible combinations for various aspects may not be
described, but those skilled in the art will be able to
recognize different combinations. Accordingly, the present
invention may include all replacements, modifications, and
changes within the scope of the claims.

The embodiments of the present invention may be imple-
mented in a form of program instructions, which are execut-
able by various computer components, and recorded in a
computer-readable recording medium. The computer-read-
able recording medium may include stand-alone or a com-
bination of program instructions, data files, data structures,
etc. The program instructions recorded in the computer-
readable recording medium may be specially designed and
constructed for the present invention, or well-known to a
person of ordinary skilled in computer software technology
field. Examples of the computer-readable recording medium
include magnetic recording media such as hard disks, floppy
disks, and magnetic tapes; optical data storage media such as
CD-ROMs or DVD-ROMs; magneto-optimum media such
as floptical disks; and hardware devices, such as read-only
memory (ROM), random-access memory (RAM), flash
memory, etc., which are particularly structured to store and
implement the program instruction. Examples of the pro-
gram instructions include not only a mechanical language
code formatted by a compiler but also a high level language
code that may be implemented by a computer using an
interpreter. The hardware devices may be configured to be
operated by one or more software modules or vice versa to
conduct the processes according to the present invention.

Although the present invention has been described in
terms of specific items such as detailed elements as well as
the limited embodiments and the drawings, they are only
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provided to help more general understanding of the inven-
tion, and the present invention is not limited to the above
embodiments. It will be appreciated by those skilled in the
art to which the present invention pertains that various
modifications and changes may be made from the above
description.

Therefore, the spirit of the present invention shall not be
limited to the above-described embodiments, and the entire
scope of the appended claims and their equivalents will fall
within the scope and spirit of the invention.

What is claimed is:

1. A method of decoding an image, the method compris-
ing:

decoding, from a bitstream, motion vector refinement

information indicating whether to refine motion vectors
of blocks in a current sequence;
decoding, from the bitstream, motion vector prediction
information of a current block in the current sequence;

determining a motion vector of the current block based on
the motion vector prediction information of the current
block;

refining the motion vector of the current block based on

the motion vector refinement information; and
reconstructing the current block based on the refined
motion vector of the current block,

wherein the motion vector is refined according to a size of

the current block.

2. The method of claim 1, wherein the refining of the
motion vector of a current block comprises refining the
motion vector of the current block based on a pixel value in
LO reference picture and L1 reference picture for the current
block.

3. The method of claim 2, wherein the motion vector
refinement information comprises information indicating
whether the LO reference picture and the L1 reference
picture are available.

4. The method of claim 1, wherein the determining of
motion vector of a current block comprises:

determining the motion vector of the current block based

on motion vector of a neighboring block of the current
block, and

the neighboring block comprises at least one among

temporally neighboring blocks and spatially neighbor-
ing blocks the current block.
5. The method of claim 4, wherein the motion vector of
the neighboring block is at least one of motion information
before motion information refinement is performed and
motion information after motion information refinement is
performed.
6. The method of claim 1, wherein the refining of the
motion vector of the current block comprises refining the
motion vector of the current block based on projection
format conversion information indicating an original pro-
jection format and a current projection format.
7. The method of claim 6, wherein the refining of the
motion vector of the current block based on projection
format conversion information comprises:
generating an intermediate motion vector by refining the
motion vector according to projection format conver-
sion from the current projection format to the original
projection format based on a position of a neighboring
block that is referenced by the current block; and

generating the refined motion vector by refining the
intermediate motion vector according to projection
format conversion from the original projection format
to the current projection format based on a position of
the current block.
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8. The method of claim 7, wherein the current projection
format is an HEC (Hybrid Equi-Angular Cube Map) format
and the original projection format is CMP (Cube MaP)
format.

9. A method of encoding an image, the method compris-
ing:

determining whether to refine motion vectors of blocks in

a current sequence;

determining a motion vector of a current block in the

current sequence;

refining the motion vector of the current block in response

to that the motion vectors of the blocks in the current
sequence are determined to be refined; and

encoding motion vector refinement information of the

current sequence, the motion vector refinement infor-
mation indicating whether to refine the motion vectors
of the blocks in the current sequence,

wherein the motion vector is refined according to a size of

the current block.

10. The method of claim 9, wherein the determining of the
motion vector of a current block comprises:

determining the motion vector of the current block based

on a pixel value in LO reference picture and L1 refer-
ence picture for the current block.

11. The method of claim 10, wherein the motion vector
refinement information comprises information indicating
whether or not the L0 reference picture and the L1 reference
picture are available.

12. The method of claim 9, wherein the determining of
motion vector of a current block comprises:

determining the motion vector of the current block based

on motion vector of a neighboring block of the current
block, and

the neighboring block comprises at least one among

temporally neighboring blocks and spatially neighbor-
ing the current block.
13. The method of claim 12, wherein the motion vector of
the neighboring block is at least one of motion information
before motion information refinement is performed and
motion information after motion information refinement is
performed.
14. The method of claim 9, wherein the refining of the
motion vector of the current block comprises refining the
motion vector of the current block based on projection
format conversion information indicating an original pro-
jection format and a current projection format.
15. The method of claim 14, wherein the refining of the
motion vector of the current block based on projection
format conversion information comprises:
generating an intermediate motion vector by refining the
motion vector according to projection format conver-
sion from the current projection format to the original
projection format based on a position of a neighboring
block that is referenced by the current block; and

generating the refined motion vector by refining the
intermediate motion vector according to projection
format conversion from the original projection format
to the current projection format based on a position of
the current block.

16. The method of claim 15, wherein the current projec-
tion format is an HEC (Hybrid Equi-Angular Cube Map)
format and the original projection format is CMP (Cube
MaP) format.

17. A non-transitory computer readable recording medium
storing a bitstream that is received and decoded by an image
decoding method and is used to reconstruct an image,
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wherein the bitstream comprises motion vector prediction
information of a current sequence,

the motion vector prediction information of the current
sequence indicates whether to refine motion vectors of
blocks in a current sequence,

the motion vector of the current block is refined based on
the motion vector refinement information of the current
sequence, and

the refined motion vector of the current block is used to
reconstruct the current block,

wherein the motion vector is refined according to a size of
the current block.
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